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LOCAL-SCALE VARIABILITY INTHE DIET OF
BLACK-LEGGED KITTIWAKESRISSATRIDACTYLA

J. BULLY, S. WANLESS", D.A. ELSTON, F. DAUNT?,
S. LEWIS & M.P. HARRIS!

Bull J., S. Wanless, D.A. Elston, F. Daunt, S. Lewis & M.P. Harris 2004.
Local-scale variability in the diet of Black-legged Kittiwakigssa tri-
dactyla Ardea 92(1): 43-52.

e The Black-legged Kittiwak®issa tridactylas a small gull that is widely

- distributed in the North Atlantic and Pacific. During the breeding season it
e T S feeds mainly on fish and, in the North Sea, the Lesser Safderodytes

marinustypically forms the main species in the diet. We compared the diet
and breeding performance of Kittiwakes at four colonies in east Britain with

«; :J 5T :ﬁ:"' - potentially overlapping foraging ranges where both Lesser Sandeels and
il __—_"_-;2’_--“'_*'{_,___- - alternative prey (clupeids: Sp&prattus sprattuand HerrindClupea haren-

' o ) gug were potentially available. During the four years of the study Kittiwakes
; 3-;?.-\"15—'.:,_'::.-# = atall four colonies showed similar within-season shifts in the age class of
e, sandeel taken with older (1+ group) fish being replaced by young of the year
e ‘:_—._--__‘_‘___ (0 group). However, in every year the predominant prey differed between
. the two marine colonies, where birds fed mainly on sandeels, and the two
T T estuarine colonies, where clupeids were the most important prey. We sug-
e — #’3 gest that these dietary differences reflect differences in foraging areas such

e 1) O ) . X -
R i that Kittiwakes from marine colonies feed offshore in areas with a sandy

] e seabed, habitat favoured by sandeels, and birds from estuarine colonies feed
—— ' closer inshore in areas with a more rocky seabed, habitat favoured by clu-
’ ] peids. Breeding success of Kittiwakes at the four colonies followed a simi-
o lar trend over the first three years but the marked increase recorded at the
—_— . e F marine colonies in 2000 was not apparent at the estuarine colonies.

—— Keywords:Rissa tridactyla - Ammodytes marindssandeels — foraging
- 1 ranges — feeding overlap — clupeids — hinterland

INERC Centre for Ecology and Hydrology, Hill of Brathens, Banchory AB31
4BW, U.K., *Corresponding authorE-mail swanl@ceh.ac.ukBiomathe-
matics and Statistics Scotland, Macaulay Institute, Craigiebuckler, Aberdeen
AB15 8QH, U.K.

INTRODUCTION ies that have aimed to establish whether this is the
case have found mutually exclusive rather than

Many species of seabird are colonial breeders analyerlapping foraging areas (e.g. Wanless & Harris
during the breeding season, adults typically fly1993 Brotherset al. 1998 Huin 2002 Gremilletet
tens, hundreds or even thousands of kilometers &b. 2004). In areas where there is local-scale het-
feed (Lack1968. Thus, where colonies are closeerogeneity in foraging habitat, such colony-spe-
together, birds from neighbouring colonies carific feeding areas could lead to differences in diet.
potentially have overlapping foraging rangesrhe Black-legged KittiwakeRissa tridactylais
(Furness & Birkhead984 Cairns1989 Hameret  widely distributed throughout the North Atlantic
al. 2003, Ainley et al.2003. The few critical stud- and North Pacific. During the breeding season it is
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typically piscivorous feeding on prey speciepredominantly marine conditions (marine
including sandeelammodytespp., CapelitMal-  colonies). Inter-colony distances varied from 10 to
lotus villosusand clupeids (Spra@prattus sprat- 115 km. Breeding Kittiwakes have a maximum for-
tusand small Herrin€lupea harengygdCramp & aging range of 80 — 120 km (Suryanal. 200G
Simmons1983 Hameret al. 1993 Suryanet al  Dauntet al. 2002 Humphreys2009. Thus birds
2000. A long-term study of the diet of Kittiwakes from these four colonies potentially had largely
on the Isle of May, south-east Scotland, found thaiverlapping foraging ranges. Suitable habitat for
the Lesser Sandeel was the predominant prey taketh Lesser Sandeels (predominantly sandy sub-
en even in years when availability was lowstrates: Reaj986 Wanles®t al.1997) and Herring
(Rindorfet al. 2000. Birds fed on older sandeelsand Sprat (rock/sand mixed substrates: Pagish
(1+ group) early in the season before switching tal. 1959 Daanet al.1990 occurs within 120 km of
young (0 group) during late incubation and chiclall the colonies. However, the fine-scale distribu-
rearing; clupeids formed only 15% of the dietion of these habitats differs with the two estuarine
(Harris & Wanles4997 Lewiset al.2001b). Here colonies being surrounded mainly by rock/sand
we use data from the Isle of May and three othesubstrates while sandy substrates predominate in
nearby colonies (Fig. 1), collected over four yearghe vicinity of the two marine colonies. We use
to investigate the variation in dietary compositiorinformation from the four colonies to test the
attributable to colonies and years. Two colonieassumption that the populations had sufficiently
were on islands well inside the Firth of Forth estueverlapping foraging ranges that dietary patterns
ary (estuarine colonies) and two were on islands iwould be independent of colony.

W 2°W
\

—56°30'N
MARR BANK

Inchkeith
Inchcolm
—{56°N

Farne Islands

é —55°30'N
|

Fig. 1. Locations of the four colonies where Black-legged Kittiwake diet samples were collected. The 30m, 40
and 50m bathymetric contours are shown. The figure shows two sediment types: sandy substrates shown in
grey (sand to mud ratio greater than 9:1, containing <30% gravel; British Geological Se89ewll other sub-
strates shown in white (principally rocky-sandy mix sediments). The principal offshore sandbank complexes
Wee Bankie, Marr Bank and Berwick Bank, where the industrial fishery for Lesser Sandeels has been concent
ed, are also shown.
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METHODS length and fish mass given in Harkéneedg and
Lewiset al.(2001b). For sandeels, the age class of

Diet samples were collected at two estuarinthe fish was also determined from otolith
colonies, Inchcolm (56°02'N, 03°18'W) andmacrostructure using counts of annual growth
Inchkeith (56°02’'N, 03°08'W) and two marinerings (ICES1999 with fish classified as either 0
colonies, Isle of May (56°11'N, 02°33'W) and group or 1+ group. The values derived above were
Farne Islands (55°35'N, 01°39'W; Fig. 1). Thecombined to estimate 1) the frequency of occur-
number of Kittiwakes breeding at these colonies irence and 2) the proportion by mass of each type
1999 was estimated at 116, 349, 4196 and 54@® food in each regurgitate.
pairs respectively (Fairlant®99 Hemsley1999 Breeding success, defined as the number of
Walton2000. At each colony, food samples regur-chicks fledged per apparently occupied nest, was
gitated by adults or chicks were obtained duringecorded each year on the Isle of May and the Farne
routine ringing in at least three years between 1998lands (Lewiset al.2001b; National Trust data in
and 2000 (Table 1). The total number of samplingoint Nature Conservation Committee data base)
periods across years was six and seven for estuasing standard protocols (Walstt al. 1995.

Tablel. Range of sampling dates at the four study colonies.

Inchcolm Inchkeith Farne Islands Isle of May
1997 8 July 29 June - 6 July No data 29 June - 8 July
1998 21 June - 17 July 25 June - 11 July 14 July - 5 August 7 June - 14 July
1999 No data 5 July 24 - 26 May 24 May - 5 July
2000 27 June No data 16 June - 25 July 16 June - 24 July

ine and marine colonies respectively. On the IsIBreeding success was not recorded directly at
of May, diet sampling was carried out throughoutnchkeith and Inchcolm. However, data were avail-
the breeding season so we selected the data for thlsle on brood size in early July (unpublished data).
colony that best matched the range of dates saffhis measure can be used as an index of breeding
pled at the other colonies (Table 1). A total of 543uccess (Aebisch&886. Using detailed data from
diet samples were collected over the study perideD-90 nests for 5 years on the Isle of May, mean
(Table 2). breeding success (chicks fledged/active nest) and
After collection in the field, the food samplesmean brood size in early July were calculated for
were stored frozen at —%D), in sealed bags. For each year. These values were used to derive a least
analysis, samples were thawed, weighed, and tegquares regression equation for estimating mean
species composition and approximate size of aryreeding success from mean brood size: breeding
intact prey items assessed. Samples were thsanccess = 1.18 (brood size) — 1.28; 0.61. This
placed in a solution of biological washing powderelationship was used to derive breeding success
(Biotex) at 40C until all the flesh and soft mater- from brood size at the two estuarine colonies.
ial had been digested. The remaining hard items
(mainly fish otoliths and bones) were identified toStatistical analysis
the lowest taxa possible using a binocular micro- Preliminary inspection of the data indicated
scope (25x magnification), keys in H&arkdnerseven prey categories in the diet: 1+ sandeels, O
(1986 and Watet al.(1997) and our own reference group sandeels, clupeids, gadoids, crustacea, poly-
collection. The original mass of each fish was cakhaetes and unknown (Table 2). For analyses the
culated using equations relating otolith length, fistatter four categories were placed in a single cate-
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Table 2. Frequency (%) of occurrence of different prey items in regurgitates from Black—legged Kittiwakes a
four colonies between 1997 and 2000. * = no data collected.

Estuarine: Inchcolm Inchkeith

1997 1998 1999 2000 1997 1998 1999 2000
No. of regurgitates 11 6 * 14 17 21 16 *
% with sandeel (all) 18 67 * 50 6 57 25 *
Sandeel (0 group) 18 67 * 43 6 57 25 *
Sandeel (1+ group) 0 17 * 7 0 0 0 *
Clupeidae 91 83 * 71 94 67 75 *
Gadidae 9 0 * 14 12 19 0 *
Planktonic crustacea 18 0 * 0 6 0 0 *
Polychaete 0 0 * 0 0 0 0 *
Unknown 0 0 * 0 0 0 0 *
Marine: Farne Islands Isle of May

1997 1998 1999 2000 1997 1998 1999 2000
No. of regurgitates * 31 26 43 54 69 144 91
% with sandeel (all) * 100 100 95 100 92 88 100
Sandeel (0 — group) * 94 0 95 87 91 72 99
Sandeel (1+ group) * 6 100 16 37 17 33 13
Clupeid * 23 0 21 9 20 27 19
Gadidae * 3 0 5 4 3 10 5
Planktonic crustacea * 3 0 0 2 0 7 0
Polychaete * 0 0 0 0 2 0 0
Unknown * 0 0 0 2 2 0 0

gory ‘other’as they were a minor component of the WSS= 2. (pSj - ysj)zl [psj (1- psj)]b

diet in all colonies and years (comprising <6 % of s

the diet by biomass). The effects of date (Juliawherey,; is the observed proportion of component
day), year, colony type (marine vs estuarine) andin diets andp is the corresponding fitted pro-
colony on composition of Kittiwake diets wereportion. The parametds defining the variance-
analysed by modelling the proportion of the biomean relationship was estimated by calculating
mass in the diet that belonged to food type sample meam@l-) and variancev(’-) of prey typg
regurgitate sample The fitted proportions pgj) for each combination, of colony, year and four
were constrained to sum to 1 by using the multirperiods of Julian day={162, 163-182, 183-202,

omial logit link function: >203), and thereafter modelling the varianc@j\}; (
using a generalised linear model with gamma
Pgj = exp ((Sj) / JZ exp 4<Sj) errors and a log link function (McCullagh & Nelder

1989 treatingxijzlog[(mij) (1—mij)] as a covariate
whereksj is a linear predictor for each dietary com-with estimated slopeb. The regression used
ponent dependent on the fitted model. The modelgeights to allow for the unequal degrees of free-
were fitted using an iteratively reweighted leastiom in estimating the variances, and excluded vari-
squares procedure (Montgomeryal.2001) min-  ances with corresponding means of 0 or 1 as both
imising as an objective function the weighted sumbserved and fitted variances were necessarily
of squares: zero.
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Candidate models investigated are summarised RESULTS
in Table 3. The importance of different effects in
the model for diet composition was assessed Bt all the colonies, Kittiwakes fed mainly on Lesser
observing the reduction in WSS obtained on th8andeels and Clupeidae (probably mostly small
Sprats although many remains could not be iden-
tified to species). Small Gadidae (mostly Whiting
Merlangius merlangys small planktonic crus-

Table 3. Candidate models for linear predictor in
dietary composition analysis

Name Model tacea and polychaetes were also recorded but made
up only a minor part of the diet (Table 2). There
M1 constant across date were, however, marked differences in diet compo-

M2 linear regression with date sition of Kittiwakes from marine and estuarine
M3  quadratic regression with date

M4  quadratic regression with date and additve ~ colonies and these differences were apparent

colony type effect across all years. Thus, at marine colonies the diet
M5  quadratic regression with date and additive ~ was dominated by Lesser Sandeels (present in
colony effect 88%-100% of regurgitates) while clupeids were

M6 q#adratic regression with date and additive Ye%hore important at estuarine colonies (present in
effect

M7  quadratic regression with date and additve ~ 67%-94% of regurgitates). Clupeids ranked second
colony and year effect in the diet of birds from marine colonies, occurring
in six out of the seven sampling periods (range 9%-
27%) while sandeels ranked second at estuarine
addition of the corresponding parameters to theolonies (present on all six sampling occasions,
model. Predicted diet compositions were estimatange 6%-67%). Gadoids were uncommon overall
ed by modelling the data from the two colony typebut occurred more frequently at estuarine colonies
separately after pooling across years and colorfgstuarine range 0%-19%, marine range 0%-10%).
within colony type. For the marine colony type, theResults from the candidate models for differences
trend across dates was modelled by a quadratit diet composition by biomass are shown in
regression, whereas for the estuarine colony typeble 4. A change mean square of 85.27 on addi-
spanning a shorter range, a linear regression wasn of linear regressions with date, indicated that
used. Confidence intervals for these predictethere was clear evidence of within-season changes
compositions were derived by bootstrappingn dietary composition. The evidence for a qua-
(Manly 1997, in which the process of samplingdratic trends with date (M3) was not very strong
with replacement took place within combinationgchange mean square 10.81) but this term was kept
of colony type and period. This restriction ensureth the model to guard against non-linearity in the
the bootstrap resamples had a similar balance owesponse to date. The most important change in the
dates within colony type to the original data with-model consisted of the addition of a colony type
out being overly restrictive. The confidence intereffect to the quadratic regression with date (M4).
vals are thus somewhat conservative, as imbalantae addition of a colony type effect to a common
in the bootstrap resamples either between colonigsiadratic regression with date resulted in a change
within colony types or between years may inflatenean square of 79.88, whereas the subsequent
the confidence intervals. addition of colony within colony type had a change
Taken as a whole, this approach allows modefnean square 3.05. This indicates the colony type
ling of the compositional data on the logratio scalesffect was highly significant ¢7=26.2,P=0.001)
as proposed by Aitchison1486), but without despite the limited degrees of freedom. Compared
recourse to taking logratio transformations of théo the colony type effect, there was relatively little
data. All analyses were carried out using the staariation in the diet of Kittiwakes between colonies
tistics package GenStat 6.2 (VSN Internationalithin colony types or between years (change
Ltd). mean squares of 3.05, 9.14 and 6.39 for models
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Table4. Changes in weighted sum of squares (WSS) on adding parameters to models M1 — M7 for diet comy
sition. Change in sum of squares (CSS) is calculated from the preceding model except, * CSS calculated from |
# CSS calculated from M4; + CSS calculated from M5. Residual mean square = 1618.06 / 1599 = 1.01

Model fitted  Number of Residual Change in Change in Mean

parameters sum of sum of df square
squares squares

M1 3 2240.87

M2 6 1985.07 255.80 3 85.27

M3 9 1952.64 32.43 3 10.81

M4 12 1713.01 239.63 3 79.88

M5* 18 1694.70 257.94 9 28.66

Mba# 18.31 6 3.05

M6* 18 1870.34 82.30 9 9.14

M7+ 30 1618.06 76.64 12 6.39

M5, M6 and M7 respectively). Similarly, the addi-Islands than the Isle of May. The two estuarine
tional variation explained by allowing trends overcolonies followed a similar pattern to the marine
date to differ between colony types was smaltolonies over the first three years but did not show
(change mean square 1.49 on augmenting M4 laymarked improvement in 2000.
an independently estimated, linear, trend for the
estuarine colony type).

Figure 2 shows the predicted percentages by DISCUSSION
biomass of each of the four dietary components of
Kittiwakes at marine and estuarine colonies ovdn accordance with previous results from the Isle
the sampling period, with associated confidencef May (Lewis et al. 2001b) we found that
intervals. The estimates demonstrate the majdfittiwakes at other colonies in eastern Britain also
effect of colony type upon dietary compositionshowed a consistent within-season shift in the age
with clupeids forming on average about 50% of thelass of sandeel in their diet with the importance
diet at the estuarine colonies compared to less thah 0 group increasing as the season progressed
20% at marine colonies. Conversely, sandee(§ig 2). However in every year the predominant
formed over 50% of the diet at the marine colonieqrey taken by Kittiwakes differed between the
the proportions for both 0 group and 1+ group beinmarine and estuarine colonies. In line with studies
atleast double the corresponding values at the esat-other North Sea colonies (Pearse68 Hamer
arine colonies. The intra-annual trends were broaét al. 1993, Lesser Sandeels were the main prey
ly similar for the two colony types, with a marked(both by frequency of occurrence and biomass) at
increase in 0 group sandeels mirrored by a decliriee two marine colonies. In contrast, in all four
in 1+ group sandeels. By contrast, the proportiopears clupeids were the main prey at estuarine
of diet comprising clupeids and other peaked midsolonies and less complete data indicate that these
season for the marine colony type, but were reldnater-colony differences persisted in 2001 and 2002
tively stable for the estuarine colony type. (unpublished data). To the best of our knowledge,

Breeding success varied considerably amonttpe diet of Kittiwakes at estuarine colonies has not
years at all colonies (Fig. 3). Trends at the twgreviously been quantified. However, similar local
marine colonies were broadly similar with outputscale differences have been recorded at colonies of
being lowest in 1998 and highest in 2000, althougKittiwakes in the Gulf of Alaska (Suryaet al.
success was consistently higher on the Farrg®00.
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g 08 i © feeding relatively close inshore. The seabed in this
06L | \/ area is dominated by rock/sand substrate (Fig. 1),
~_ a habitat favoured by Sprat and Herring (Datin
0.4 L al. 199q Marshall & Elliot1998 Greenstreeatt al.
/\ 1998 Poweret al. 2000 and largely avoided by
02F ] sandeels. In contrast, the predominance of sandeels
m in the diet of Kittiwakes at marine colonies sug-
00—t E— gests that they were foraging further offshore over
08 B (D)| sandy substrates. Data from VHF radio tracking
sl i and activity loggers deployed on Kittiwakes from
' the Isle of May provide direct support for this with
04l i most birds feeding within 80 km between north-
\/ east and southeast of the island (Humphzegg
0.2 L | Dauntet al.2002. Much of this area is dominated
/\ — by sand (Fig. 1) and includes the important sandeel
00 —5—8 200 60 180 200 fishing grounds of the Wee Bankie, Marr Bank and
Julian date Julian date associated sandbanks (ICE®4 Wright & Begg

. . . . ~1997. The seabed around the Farne Islands is also
Fig.2. Fitted proportions (thick lines) and 95% Conf'_dominated by sandy substrates (Fig. 1). Indirect
dence intervals (thin lines) for the four dietary compo-__. . N

stimates of the foraging range of Kittiwakes from

nents, (A) O group sandeel; (B) 1+ group sandeel; (C)". . . .
clupeids; (D) other prey of Black-legged Kittiwakest_ is colony in the 1960s, based on feeding trip dura-

after pooling across years and colonies within eachons and average flight speed, suggested a maxi-
colony type. For the marine (left hand column) andnum distance of 55 km (Pears@g6§ and an
estuarine (right hand column) colony types, the linedmportant sandbank complex, the Berwick Bank,
predictors were quadratic and linear in Julian dateccurs within this range.
respectively. Lines are drawn to indicate the range of While our results provide circumstantial evi-
dates sampled. dence that the foraging areas of Kittiwakes from
the marine and estuarine colonies were segregat-
The between colony differences that we founed, the mechanism bringing this about is unclear.
suggest that birds from the estuarine colonies were confounding problem is that the estuarine
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colonies were much smaller than the marine ones The most parsimonious explanation for our
(116 and 349 nests compared to 4196 and 54%Rding of a consistent difference in the diet of
nests respectively). In the Northern Garivletus  Kittiwakes at estuarine and marine colonies is that
bassanusmean foraging range is positively cor-the birds were exploiting different foraging areas.
related with colony size (Lewigt al. 2001a).  Studies have shown that Isle of May Kittiwakes do
Kittiwakes on the Isle of May differ from Gannetsforage offshore (Humphrey&02 Dauntet al.
and have an upper limit to the distance travele2b02 but equivalent data are needed for birds from
from the colony rather than showing a linear relathe estuarine colonies. Our results also highlight
tionship between foraging range and trip duratiothe fact that some Kittiwakes in parts of the North
(Dauntet al.2002 Humphrey002. However, the Sea where sandeels are present (Rdaah 1990
possibility remains that mean foraging ranges are not sandeel specialists and do consistently feed
small colonies are also smaller in Kittiwakeson other prey during the chick rearing periods.
although if this is the case, it is unclear why Kitti-Such findings have important implications for
wakes from the Isle of May do not fly west up themonitoring schemes proposing to use Kittiwake
Firth of Forth to the estuarine waters that are clodreeding success as an indicator of the state of
er than the sandbanks. Kittiwakes are highly vistsandeel stocks (ICE®94).
al feeders and large feeding flocks develop rapid-
ly after a food source is located (Camphuysen &
Webb1999. It is therefore possible that estuarine ACKNOWLEDGEMENTS
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group sandeels appeared earlier and were larger
than average, characteristics that are typically asso-
ciated with good breeding conditions for
Kittiwakes (Wright1996 Harris & Wanlesd997, REFERENCES
Lewis et al. 2001b). There was no evidence from o o
the birds at the estuarine colonies that they haﬁabischei’N.J. 1986. Retrospectlve|nvest|g_at|0n qf an ecolog-
altered their diet in response to this since clupeids ical disaster in the shaBhalacrocorax aristotelisa gen-
’ o p ; ) X p eral method based on long-term marking. J Anim Ecol 55:
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SAMENVATTING steld wordt dat deze verschillen worden veroor-

zaakt door verschillen in de structuur en bodem-

De DrieteenmeeuWissa tridactyl&komt in grote  soort van de foerageergebieden. Zandige bodems,
delen van de Noord-Atlantische Oceaan voor. Igeprefereerd door zandspieringen, zijn in ruimere
de broedtijd leven Drieteenmeeuwen hoofdzakewnate voorhanden voor de meeuwen van de marie-
lijk van vis. In de Noordzee is de Kleine Zand-ne kolonies, terwijl de broedvogels van de estu-
spieringAmmodytes marinusen van de belang- ariene kolonies niet ver van de kolonie in gebieden
rijkste prooidieren. In dit artikel worden voedsel-met een meer rotsige bodem foerageerden: habi-
keuze en broedsucces in vier verschillende koldats waar haringachtigen het beter naar de zin heb-
nies Drieteenmeeuwen aan de Schotse oostkimn dan zandspieringen. Het broedsucces in de vier
met elkaar vergeleken: twee kolonies in de morkolonies had in de eerste drie jaren van het onder-
ding van de Firth of Forth (Inchcolm en Inckeith;zoek een vergelijkbaar verloop, maar de sterke toe-
aangeduid als ‘estuariene kolonies’) en twee kolarame in broedsucces in de mariene kolonies in het
nies aan de Schotse oostkust (Farne Islands en Igierde onderzoeksjaar werd niet gevonden in de
of May; aangeduid als ‘mariene kolonies’). In elktwee kolonies dichter onder de kust. (CJC)
van deze kolonies foerageren de meeuwen in ge-
bieden waar zowel zandspiering als alternatievéorresponding editor: Kees (C.J.) Camphuysen
prooidieren (haringachtigen: Sprot en Haring) irReceived 20 November 2003, accepted 1 June 2004
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